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(57) L 'invention conceme des electrodes a diffusion 
gazeuse (1) destinees a des cellules electrolytiques 
polym^riques. Ces electrodes sont modifiees de mani^re 
que la diffusion d'eau a Tinterieur de ces electrodes soit 
inhib^e par rapport aux Electrodes non modifiees, Des 
cellules electrochimiques a membrane Electrolytique 
poly meri que dotees d 'electrodes a diffusion gazeuse 
modifiees peuvent fonctionner sans apport d'eau dans 
des conditions de fonclionnement en moyenne non 
modifiees puisque les electrodes a diffusion gazeuse ne 
liberent pas plus d'eau que la quantite produite lors de la 
reaction du gaz combustible et de I'agent d'oxydation el 
qu'elles garantissent une humidite suffisante de la 
membrane. 



(57) The invention relates to gas diffusion electrodes (1) 
for polymer electrolyte membrane fuel cells which are 
modified in such a way that the diffusion of water therein 
is inhibited in comparison with unmodified electrodes. 
Polymer electrolyte membrane fuel cells with the 
modified gas diffusion electrodes can be operated 
without adding water under operating conditions which 
are constant on average since said gas diffusion 
electrodes only allow the water formed during the 
reaction of combustion gas and oxidizer to leak out and 
therefore guarantee sufficient membrane moisture. 
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Abstract 

5 

Gas diffusion electrodes (1) for polymer electrolyte 
membrane fuel cells are modified such that the diffusion 
of water therein is inhibited in comparison with un- 

10 modified electrodes. Polymer electrolyte membrane fuel 
cells with the modified gas diffusion electrodes can be 
operated, with on th6 average unchanged operating condi- 
tions, without addition of water, since the gas dif- 
fusion electrodes do not allow more water to escape than 

15 that formed during the reaction of burnable gas and oxi- 
dizing agent, and guarantee sufficient membrane 
moisture . 



OAS DIFFUSION ELECTRODE WITH REDUCED 
DIFFUSION CAPACITY FOR WATER AND 
POLYMER ELECTROLYTE MEMBRANE FUEL CELL 



The invention relates to a gas diffusion electrode for a 
polymer electrolyte membrane fuel cell to be operated 
with a burnable gas and an oxygen-containing gas and 
comprising an anode electrode, a cathode electrode and a 
polymer electrolyte membrane disposed therebetween, a 
polymer electrolyte membrane fuel cell having at least 
one such gas diffusion electrode, and a method of 
operating a polymer electrolyte membrane fuel cell. 

Polymer electrolyte membrane fuel cells contain an anode 
electrode, a cathode electrode and an ion exchange mem- 
brane disposed therebetween, A plurality of fuel cells 
forms a fuel cell stack, with the individual fuel cells 
being separated from one another by bipolar plates 
acting as current collectors. For generating electrici- 
ty, a burnable gas, e.g. hydrogen, is introduced into 
the anode region, and an oxidizing agent, e.g. air or 
oxygen, is introduced into the cathode region. Anode and 
cathode, in the regions in contact with the polymer 
electrolyte membrane, each contain a catalyst layer. 
Alternatively, the catalyst layers may also be applied 
to the surface of the polymer electrolyte membrane in 
contact with the anode electrode and the cathode elec- 
trode, respectively. In the anode catalyst layer, the 
fuel is oxidized thereby forming cations and free elec- 
trons, and in the cathode catalyst layer, the oxidizing 
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agent is reduced by taking up electrons. The cations 
migrate through the ion exchange membrane to the cathode 
and react with the reduced oxidizing agent, thereby 
forming water when hydrogen is used as burnable gas and 
S oxygen is used as oxidizing agent. 

The function of the gas diffusion electrodes consists 
mainly in discharging the current produced to the 
current collectors and to allow the reaction gases to 

10 diffuse through to the catalytically active layers. The 
electrodes thus must be electrically conductive and have 
sufficient diffusion capacity for the reaction gases. 
Preferably, the electrodes should be hydrophobic at 
least in the regions facing the membrane, in order to 

15 prevent water formed during the reaction from flooding 
the pores of the electrodes. 

In the reaction of burnable gas and oxidizing agent, 
heat is released which causes evaporation of the water 

20 present in electrodes and membrane. The vapor is dis- 
charged along with the oxidizing agent stream. This 
evaporation, on the one hand, causes an indeed desirable 
cooling of the fuel cell, but on the other hand results 
in gradual depletion of moisture in the fuel cell. When 

25 too much moisture can leak out through the porous elec- 
trodes, the moisture content of the polymer electrolyte 
membrane decreases. The conductivity of the membrane is 
strongly dependent on its water content. Reduction of 
the humidity content of the polymer electrolyte membrane 

30 has the result that its internal resistance increases, 
i.e. its conductivity decreases. However, this causes 
also the performance of the fuel cell to decrease. Effi- 
cient operation of a polymer electrolyte membrane fuel 
cell thus necessitates that the membrane at all times 

35 have sufficient moisture at the particular operating 
conditions (temperature, load) . For this reason, it is 



t 

-3- 

necessary in fuel cells with conventional gas diffusion 
electrodes to supply thereto water in the form of vapor 
or liquid during operation of the fuel cell. In some 
embodiments, the supply of membrane humidifying water 
5 takes place at the same time with the supply of cooling 
water, in other embodiments there is provided a separate 
supply. Care has to be taken that exactly the correct 
amount of membrane humidifying water is supplied at all 
times, since a too small amount leads to gradual drying 

10 out of the membrane, whereas a too great amount of water 
supplied results in flooding of the electrodes. It is 
thus required during operation of the fuel cells to con- 
stantly, or at least in short regular intervals, as- 
certain the moisture content of the membrane and, if 

15 necessary, to supply water. This necessitates an addi- 
tional, external humidifying system subjecting the fuel 
cells to additional weight and causing additional costs. 
Up to one third of the weight and costs of a fuel cell 
stack with conventional electrodes are due to the exter- 

20 nal humidifying system. 

It is the object of the present invention to make 
available a gas diffusion electrode and, respectively, a 
polymer electrolyte membrane fuel cell comprising gas 
25 diffusion electrode, which allows sufficient membrane 
moisture to be maintained with continuous operation of 
the fuel cell under unchanged operating conditions on 
the average, without water being added for membrane hu- 
midif ication. 

30 

Furthermore, it is an object of the invention to make 
available a method of operating a polymer electrolyte 
membrane fuel cell in which sufficient membrane moisture 
is maintained without membrane humidifying water being 
35 added. 
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The object is met by the gas diffusion electrode 
according to claim 1, the polymer electrolyte membrane 
fuel cell according to claim 21 and the method of 
operating a polymer electrolyte membrane fuel cell 
5 according to claim 22. Advantageous developments of the 
invention are indicated in the respective dependent 
claims • 

In the drawings: 

10 

Fig. 1 shows a gas diffusion electrode according to a 
preferred embodiment of the invention; and 

Fig. 2 shows a gas diffusion electrode according to a 
15 further preferred embodiment of the invention. 

Gas diffusion electrodes consist of porous materials, 
typically of mats of graphitized fabric. The higher the 
porosity of the electrode material, the better the dif- 
20 fusion properties to be expected for the reaction gases, 
but also the faster the onset of a depletion of moisture 
in the membrane unless an external system for membrane 
humidif ication is provided. 

25 The invention is based on the fact that it is possible 
to change the effective diffusion constant of gas dif- 
fusion electrodes such that just the necessary amount of 
reaction gases necessary to obtain a desired current 
density can still reach the catalyst, whereas the dif- 

30 fusion of water vapor from the catalyst layer to the gas 
space is aggravated to such an extent that drying out of 
the membrane is avoided. The membrane thus retains its 
conductivity. 

35 In fuel cells using air or oxygen as oxidizing agent, 
the formation of reaction water takes place on the 
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cathode side of the membrane. The design of the gas dif- 
fusion electrode according to the invention thus is par- 
ticularly advantageous for the cathode, and it is often 
sufficient to equip fuel cells only with a cathode 
5 according to the invention, but with a conventional 
anode. The modification of the gas diffusion electrodes 
according to the invention, of course, is possible in 
general both for cathodes and for anodes, 

10 Electrodes according to the invention, under suitable 
operating conditions, do not allow more water to escape 
than the water formed, i , e . it is possibly just ne- 
cessary in the starting phase of the fuel cells to ad- 
just the moisture content of the membrane in accordance 

15 with the operating conditions. If necessary, this can 
take place simply by spraying water in the cathode 
space. During the subsequent phase of continuous 
operation under substantially constant conditions, the 
moisture of the membrane is maintained without water 

20 being added. The prerequisite for such fuel cell 
operation without addition of water is that, with a 
given cell voltage and air ratio, an electrode tempera- 
ture is adjusted at which the water situation is ba- 
lanced, i,e. in which just as much water is formed as is 

25 lost by diffusion. The cooling system each time must 
adjust this temperature or a temperature just below the 
same. It has been found that the effective diffusion 
constant of gas diffusion electrodes can be varied in a 
range such that, with a given cell voltage and air 

30 ratio, a balanced water situation can be obtained for a 
large range of current densities below the limit current 
density. For simplifying cooling, it is preferred that 
electrode temperatures of at lest 50 are set. Parti- 
cularly preferred are electrode temperatures in the 

35 range of 60 to 75 ^C. The higher the air pressure and 
the lower the air ratio are chosen, the higher may be 



the operating temperature. If the air is supplied under 
ambient pressure, the maximum possible operating tem- 
perature is about 75 ^C. This value is due to the dif- 
fusion properties of the electrodes. The modification of 
the diffusion properties of gas diffusion electrodes 
according to the invention indeed permits an efficient 
restriction of the diffusion of water, but to a lesser 
extent also affects the diffusion of the reaction gases. 
Starting from a specific temperature, which at ambient 
pressure is about 75 ^C, a gas diffusion electrode 
having a sufficiently low effective diffusion coeffi- 
cient for water would no longer ensure sufficient dif- 
fusion for the reaction gases, in particular oxygen. 
However, increasing the air pressure permits the working 
temperature to be increased further. 

The gas diffusion electrodes according to the invention 
can be made on the basis of conventional electrode ma- 
terials. Particularly preferred as an alternative are 
electrodes according to German patent application No. 
194 44 323,3-45. These electrodes consist of at least 
one carbon fiber nonwoven fabric that is impregnated 
with soot and polytetraf luoroethylene in substantially 
homogenous manner. The manufacture of these electrodes 
will still be described hereinafter. 

The gas diffusion electrodes according to the invention 
distinguish themselves in that at the same time their 
effective diffusion constant for reaction gases, in par- 
ticular oxygen, is sufficiently high and their effective 
diffusion constant for water is sufficiently low so 
that, in polymer electrolyte membrane fuel cells 
equipped with gas diffusion electrodes according to the 
invention, sufficient diffusion of the reaction gases is 
guaranteed on the one hand while on the other hand the 
diffusion of water vapor is restricted to such an extent 



that the water situation is balanced. The membrane thus 
remains moist . 

Gas diffusion electrodes having the required effective 
diffusion constants can be achieved by different types 
of modifications of conventional electrodes. 

One possibility consists in compressing the electrode 
material by pressing. Pressing takes place preferably 
prior to catalyst application, at a pressure of 200 to 
4000 bar. Particularly preferred are compression 
pressures of 2000 to 3500 bar. The method is employed in 
particularly advantageous manner with electrodes 
according to German patent application No. 195 44 323.3- 
45. 

Another possibility of sealing the electrode material 
against water losses is to introduce a filling material 
into part or the entire diffusion region of the elec- 
trode. The filling material reduces the size of the 
pores in the electrode material or closes the same com- 
pletely, causing diffusion inhibition. If the filling 
material is to be present only in part of the electrode, 
it is preferred to introduce the filling material as 
shown in Fig. 1. Fig. 1 depicts a gas diffusion elec- 
trode 1 having a gas diffusion layer 6 of an electrode 
material 2 . A surface 4 of the electrode has a catalyst 
layer 7 provided thereon. The diffusion layer contains a 
filling material 3 in a partial region 3'. Partial 
region 3' extends across the entire area of the elec- 
trode, but not across the entire thickness thereof, i.e. 
it does not extend as far as the surfaces of the elec- 
trode. With the particular filling material 3, diffusion 
inhibition makes itself felt the more the larger the 
regions containing filling material. However, the 



filling material preferably does not extent as far as 
into catalyst layer 7 of electrode 1* 

Suitable filling materials are solid or liquid sub- 
stances that can be introduced into the pores of an 
electrode and remain there in substantially unchanged 
manner under the operating conditions of a polymer elec- 
trolyte membrane fuel cell. 

Solids are preferably introduced in the form of a sus- 
pension into the pores of the electrode. Filling ma- 
terials with good suitability are soot, graphite, metals 
and plastics, in particular PTFE. The same material of 
which the electrode is made can also be used, in parti- 
culate form, as filling material. 

The use of solids with little or no porosity as filling 
material reduces the effective diffusion constant of the 
electrode more clearly than porous filling materials. 
The filling material particles may have arbitrary confi- 
gurations, for example, they may be powdery, fiber- 
shaped or platelet-shaped. A particularly dense elec- 
trode structure is obtained when the electrodes, after 
having been filled with filling material, are pressed 
additionally, for which lower pressures, preferably 
about 200 to 300 bar, are already sufficient. 

The filling material may also be a liquid. Particularly 
suitable are non-polar, hydrophobic liquids since they 
display a greatly different behavior with respect to 
water and the burnable gases. Hydrophobic liquids in- 
hibit the diffusion of water very much, but dissolve the 
non-polar burnable gases, such as hydrogen and oxygen, 
so that these can diffuse with less hindrance. Espe- 
cially well suited liquid filling materials are fluoro- 
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carbon compounds, in particular Hostinert (product of 
the company Ho chst AG) • 



According to an additional embodiment of the gas dif- 
5 fusion electrode according to the invention, the re- 
duction of the effective diffusion constant can take 
place by applying a layer of an additional material on a 
surface of the electrode. Such an embodiment is shown in 
Fig. 2. The gas diffusion electrode 1 according to Fig. 

10 2 consists of an electrode material 2 constituting a 
diffusion layer 6, a catalyst layer 7 provided on a sur- 
face 4, and of a layer 5' of another material 5, pro- 
vided on the other surface 8. Material 5 may be identi- 
cal with the electrode material 2, so that the reduction 

15 of the effective diffusion constant is caused by simple 
thickening of the electrode. Materials with good suita- 
bility are soot, graphite, metals and plastics materials 
as well as mixtures of these materials. Layer 5' is pre- 
ferably made of carbonized or graphitized polyimide, 

20 carbonized or graphitized polyacrylonitrile or expanded 
PTFE. Manufacture can take place by applying a material 

5 in particulate form, e.g. in the form of powder, pla- 
telets or fibers, to a surface 8 of gas diffusion layer 

6 and by a subsequent pressing operation. During 
25 pressing, the layer 5' of material 5 is compressed, in 

which part of the material 5, at the interface between 
diffusion layer 6 and additional layer 5*, may penetrate 
the pores of diffusion layer 6. The additional, dif- 
fusion-inhibiting layer 5* may consist of one material 

30 or mixtures of different materials. Particularly pre- 
ferred is a layer 5 ' of a pressed-on mixture of graphite 
and PTFE powder as well as a layer of metal or graphite 
platelets. If layer 5' consists of a material without 
electrical conductivity or poor electrical conductivity, 

35 it must have through- openings through which current con- 
ductors can be passed. Passages may also be required in 
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case of conductive materials, for example for feeding 
and discharge lines for reaction gases. If layer 5' is 
too dense to permit sufficient diffusion of the reaction 
gases, e.g. in case of incorporated metal platelets, 
5 layer 5 ' needs to be formed with openings for passage of 
the reaction gases. 

In the following, various methods of making gas dif- 
fusion electrodes according to the invention will be 
10 described in exemplary manner: 

Example 1: 

45 g soot (Vulcan XC72) is suspended in 450 ml water and 
15 495 ml isopropanol. This suspension is mixed intensively 
with 32.17 g of a PTFE suspension (60% Hostaflon fibers 
in aqueous suspension) . The resulting mixture is spread 
evenly on a carbonized carbon fiber nonwoven fabric (3 
mg/cm*) and the nonwoven fabric thereafter is dried at 
20 approx. 70 Spreading and drying are repeated twice. 

After the last drying step, the impregnated carbon fiber 
nonwoven fabric is sintered for approx. 3 0 minutes at 
400 ^C. A carbon fiber nonwoven fabric is thus obtained 
that is evenly impregnated with Vulcan XC72 and 
25 Hostaflon and has a mass of 7.8 bis 8 mg/cm ^ . The PTFE 
content is 3 0% with respect to the overall mass of soot 
plus PTFE. The homogenously impregnated nonwoven fabric 
corresponds to a gas diffusion electrode according to 
German patent application serial No. 195 44 323.3-45. 

30 

For manufacturing the gas diffusion electrode according 
to the invention, four of the carbon fiber nonwoven 
fabrics made as elucidated hereinbefore are placed on 
top of one another and subject to a pressure of 3200 
35 bar. In doing so, the carbon fiber nonwoven fabrics are 
firmly joined together and compressed to such an extent 
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that they offer great resistance to the diffusion of 
water, but allow hydrogen and also oxygen to diffuse 
through in satisfactory manner. 

S Example 2 : 

Three carbonized carbon fiber nonwoven fabrics of a mass 
of 3 mg/cm' are used as starting materials. 

10 One of the nonwoven fabrics is impregnated with a sus- 
pension of 30% Hostaflon (PTFE) TF5032, 7% graphite 
(KS75 of the company Timcal) and 63% soot (Vulcan XC72 
of the company Cabot) in a mixture of isopropanol and 
water. The final mass of the dry nonwoven fabric is 10 

15 mg/cm^ . 

The second nonwoven fabric is impregnated with a sus- 
pension of 30% Hostaflon, 40% graphite and 30% soot in 
isopropanol and water as suspension agent. The final 
20 mass of the dry nonwoven fabric is 16 mg/cm^ . 

The third nonwoven fabric is impregnated with a sus- 
pension of 10% Hostaflon, 80% graphite and 10% soot in 
isopropanol and water as suspension agent. The final 
25 mass of the dry nonwoven fabric is 22 mg/cm^ . 

The nonwoven fabrics were sintered at 400 for five 
minutes, stacked onto one another and pressed together 
at a temperature of 140 and a pressure of 200 to 300 
30 bar. Thereafter, a catalyst layer can be applied onto 
the surface of the first nonwoven fabric, and the gas 
diffusion electrode can be combined with a polymer elec- 
trolyte membrane and an additional electrode so as to 
form a membrane electrode unit. 



35 
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Exampl 3 : 

A thick suspension of Hostaflon (5%) and graphite (95%) 
is formed in isopropanol/water . The suspension is 
5 applied with a layer thickness of 0,8 mm to a high-grade 
steel plate and dried. Thereafter, a conventional gas 
diffusion electrode or one or two carbon fiber nonwoven 
fabric electrode (s) made as described in Example 1 are 
pressed on, and the electrode is sintered along with the 

10 layer of Hostaflon and graphite. After sintering, the 
catalyst can be applied to the surface of the gas dif- 
fusion electrode not provided with the Hostaf Ion/gra- 
phite layer. It is also possible to press onto the 
Hostaf Ion-graphite layer a gas diffusion electrode that 

15 already carries a catalyst, so that the Hostaf Ion- 
graphite layer is disposed between two layers of elec- 
trode material. However, temperatures must then be used 
for sintering that are not detrimental to the catalyst. 

20 The gas diffusion electrode according to the invention, 
having a diffusion-inhibiting layer of graphite/Hosta- 
flon, in turn, can be combined with a polymer electro- 
lyte membrane and a further electrode so as to form a 
membrane electrode, unit. When the graphite/Hostaf Ion 

25 layer is applied to an outer surface, it is advantageous 
to add a carbon paper or an impregnated carbon fiber 
nonwoven fabric for protection thereof. 

Example 4 : 

30 A membrane electrode unit is made from arbitrary conven- 
tional electrodes and a polymer electrolyte membrane. 
Behind the cathode, there is disposed a 0.1mm thick 
sheet metal of nickel or stainless steel. The metal 
sheet has bores of a diameter of 0.3 to 0.4mm in a 

35 square grid pattern of 1.2mm. The surface of the cathode 
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thus is covered in part, whereby less free surface is 
available for the escape of water. 



In polymer electrolyte membrane fuel cells, both elec- 
5 trodes can be formed as gas diffusion electrodes with 
reduced diffusion capacity for water according to the 
invention. As a rule, it is sufficient for one elec- 
trode, the cathode, to be formed in accordance with the 
invention. 

10 

Polymer electrolyte fuel cells provided with at least 
one electrode according to the invention can be operated 
in continuous operation without external humidif ication, 
i,e. without addition of water, since the membrane re- 

15 tains its humidity as there is not more water escaping 
than that formed during the reaction of burnable gas and 
oxidizing agent. It is sufficient to humidify the mem- 
brane when starting operation and, possibly, upon 
changing the operating conditions. It is thus possible 

20 to dispense with a humidifying means that is continuous- 
ly attached to the fuel cell, thereby saving weight and 
costs. Cooling can take place by cooling means, such as 
e.g. cooling loops or cooling plates provided in the 
bipolar plates and having water flowing therethrough, or 

25 by air blown into the cathode spaces. Direct air cooling 
(by dry air) is possible at least for smaller fuel cell 
stacks and again saves weight and costs as compared to 
water cooling. Furthermore, in case of air cooling, cor- 
rosion problems in the cooling system due to different 

30 electric potentials can be avoided. 

Air-cooled fuel cell stacks with gas diffusion electro- 
des according to the invention thus are independent of 
an external water supply. 



35 
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The values of the particular optimum diffusion constant 
of the gas diffusion electrodes according to the in- 
vention are dependent on the operating conditions of the 
fuel cells. In case of a membrane Gore Select 20 /xm and 
5 at preferred operating conditions with an air pressure 
of 60 mbar above atmospheric, the air ratio 16, a hydro- 
gen pressure of 0,38 bar above atmospheric, an electrode 
temperature of about 70 and a current density of 503 
mA/cm' at 625 mV, the effective diffusion constant for 

10 water should be in the range of 3 x 10'^ to 15 x 10'^ 
cm'/s and the effective diffusion constant for oxygen 
should be in the range of 2 x 10'^ to 12 x 10'^ cm^/s. 
The optimum effective diffusion constants for water and 
oxygen under these operating conditions are 7,7 x 10'^ 

15 cmVs and 5,7 x 10"^ cmVs (related to 20 ®C) , respec- 
tively. 

Furthermore, the values of the optimum diffusion con- 
stants are dependent on the properties of the membrane 

20 (e.g. conductivity as a function of water content; water 
vapor partial pressure as a function of temperature and 
water content) . Depending on the system used and the 
operating conditions, the values of the optimum dif- 
fusion constants thus may vary within wide limits. What 

25 is essential is that the diffusion constant have a value 
at which it is ensured for the system chosen that water 
vapor can hardly diffuse, thereby ensuring sufficient 
membrane moisture, while the reaction gases still can 
diffuse sufficiently. Accordingly, the porosity of the 

30 electrodes must be adjusted by way of suitable measures, 
as outlined hereinbefore. 

In the following, some examples will be given of matched 
systems : 

35 
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A polymer electrolyte membrane fuel cell having a con- 
ventional anode, a membrane Gore Select (thickness 20 
/im) and a cathode according to Example 1 or a cathode 
according to Example 3, consisting of a layer structure 
5 of carbon fiber nonwoven fabric electrode, gra- 
phite/Hostaflon layer and gas diffusion electrode 
carrying catalyst (electrode according to German patent 
application No, 195 44 323.3-45), is operated on the 
following conditions: 

10 

Hj pressure above atmospheric: 
air pressure above atmospheric: 
air ratio: 

cathode temperature: 

15 

The cathodes used have effective diffusion constants for 
water and oxygen of 7,7 x 10"^ cm^/e and 5.7 x 10"^ 
cm^/a, respect ively . 

20 In this respect, the following performance data result: 

mA 

U [mV] I 

cm 2 

25 

965 0 
891 9.5 
768 175 
735 240 
30 665 470 

625 503 
150 675 



0 , 5 bar 
0.06 bar 
16 

68 <>C 



35 



The most favorable load point is at 503 mA/cm^ . At 675 
mA/cm* the diffusion inhibition has an extreme effect. 
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A reduction of the air ratio to 1.5 has the effect that 
the cathode temperature can be increased to about 78 <>C. 
The cell voltage attainable, however, then remains below 
625 mV. 

5 

With the following operating conditions 



pressure above atmospheric: 0.5 bar 

air pressure above atmospheric: 1 bar 

10 air ratio: 1.5 

cathode temperature: 78 

current density: 500 mA/cm^ 

the effective diffusion constant of the cathode can be 
15 increased by about 25% to 9,6 x 10' cm'/s for water 
vapor and 7.1 x 10'^ cm^/s for oxygen. The cell voltage 
then is higher than 625 mV. 



With a given effective diffusion constant, the elec- 
20 trodes should be as thin as possible (i.e. very dense) 
in order to render possible good heat dissipation by 
good thermal conductivity. 

It is of particular advantage to subject fuel cells 
25 equipped with gas diffusion electrodes according to the 
invention, during 0.1 to 20% of the operating time, pre- 
ferably 4 to 10% of the operating time, to such high 
loads that the cell voltage decreases to a value below 
300 mV, preferably below 150 mV. Such a brief short- 
30 circuiting, which preferably is carried out in regular 
intervals, each time effects a temporary power increase 
of the cell. It is thus recommendable for power increase 
to "pulse" the cells with a specific frequency: inter- 
vals of brief short-circuits (e.g. approx. 1 sec) alter- 
35 nate with intervals of normal fuel cell operation (e.g. 

approx. 1 min) . The duration of the normal operating 
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intervals is dependent on the duration of the power in- 
crease obtained. In case the power increase drops below 
a desired minimum value, renewed short-circuiting etc, 
is carried out. 

The method of increasing the performance of fuel cells 
by pulsed operation is independent of the electrode type 
chosen and can be carried out with any fuel cell. 

The invention makes available gas diffusion electrodes 
with decreased diffusion capacity for water. The use of 
these electrodes renders possible to operate polymer 
electrolyte membrane fuel cells without addition of 
water and possibly with direct air cooling. This pro- 
vides savings as regards weight and costs in comparison 
with conventional fuel cells. 



TRANSLATION OF ANNEX TO THE IPER 

5 

CLAIMS 

1, A gas diffusion electrode (1) for a polymer electro- 
lyte membrane fuel cell to be operated with a 
10 burnable gas and an oxygen- containing gas as oxi- 

dizing agent and having an anode electrode, a ca- 
thode electrode and a polymer electrolyte membrane 
disposed therebetween, 

characterized in that it contains at least in a 
15 partial region (3 ' ) a filling material (3) which 

reduces the effective diffusion constant of the 
electrode (1) for water in comparison with the un- 
filled electrode, so that in a polymer electrolyte 
membrane fuel cell having at least one gas diffusion 
20 electrode (1) , no more water escapes, with on the 

average unchanged operating conditions, than that 
formed during the reaction of burnable gas and oxi- 
dizing agent, 

25 2. The gas diffusion electrode (1) of claim 1, 

characterized in that the filling material (3) is 
contained in a partial region (3') that is not con- 
fined by a surface (4) of the electrode (1) . 

30 3. The gas diffusion electrode (1) of claim 1 or 2, 

characterized in that it is composed of at least one 
gas diffusion layer (6) and a catalyst layer (7) and 
in that the filling material (3) is located solely 
in the diffusion layer (6) . 



35 
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4. The gas diffusion electrode (1) of any of claims 1 
to 3, 

characterized in that the filling material is a non- 
porous solid material. 

5. The gas diffusion electrode (1) of claim 4, 
characterized in that the filling material is soot 
and/or graphite and/or a metal and/or a plastics 
material • 

6, The gas diffusion electrode (1) of claim 5, 
characterized in that the plastics material is PTFE. 

7, The gas diffusion electrode (1) of any of claims 1 
15 to 6, 

characterized in that the filling material is in the 
form of powder, fibers or platelets that have been 
introduced in the form of a suspension • 

20 8. The gas diffusion electrode (1) of any of claims 1 
to 3 , 

characterized in that the filling material is a 
liquid. 

25 9, The gas diffusion electrode (1) of claim 8, 

characterized in that the liquid is a fluorocarbon 
compound . 



10. A gas diffusion electrode (1) for a polymer elec- 
30 trolyte membrane fuel cell to be operated with a 

burnable gas and an oxygen-containing gas as oxi- 
dizing agent and having an anode electrode, a ca- 
thode electrode and a polymer electrolyte membrane 
disposed therebetween, 
35 characterized in that it comprises an electrode ma- 

terial (2) and a layer (5') of at least one additio- 
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nal material, said layer (5) r ducing the effective 
diffusion constant of the lectrode (1) for water, 
so that in a polymer electrolyte membrane fuel cell 
having at least one gas diffusion electrode (1) , no 
5 more water escapes, with on the average unchanged 

operating conditions, than that formed during the 
reaction of burnable gas and oxidizing agent. 



11. The gas diffusion electrode (1) of claim 10, 
10 characterized in that the additional material (5) is 

soot and/or a metal and/or a plastics material. 



12. The gas diffusion electrode (1) of claim 10, 
characterized in that the additional material (5) is 

15 carbonized or graphitized polyimide or carbonized or 

graphitized polyacrylonitrile or expanded PTFE. 

13. The gas diffusion electrode (1) of claim 10, 
characterized in that the layer of said additional 

20 material (5) consists of a pressed-on mixture of 

graphite and PTFE powder. 

14. The gas diffusion electrode (1) of claim 10, 
characterized in that the layer of said additional 

25 material (5) consists of metal or graphite^ plate- 

lets. 

15. The gas diffusion electrode (1) of any of claims 10 
to 14, 

30 characterized in that the layer of said additional 

material (5) is provided with through-openings. 



16. The gas diffusion electrode (1) of any of claims 1 
to 9, 



characterized in that it comprises a layer (5*) of 
at least one additional material (5) according to 
any of claims 10 to 15. 

The gas diffusion electrode (1) of any of claims 1 
to 16, 

characterized in that the electrode material (2) 
comprises at least one carbon fiber nonwoven fabric 
that is impregnated with soot and PTFE, preferably 
in homogenous manner. 

The gas diffusion electrode (1) of claim 17, 
characterized in that the electrode material (2) 
comprises at least two plies of a carbon fiber non- 
woven fabric impregnated with soot and PTFE, pre- 
ferably in homogenous manner. 

The gas diffusion electrode (1) of claim 17 or 18, 
characterized in that it consists of an electrode 
material (2) that is compressed by pressing at a 
pressure of 1000 to 4000 bar. 

The gas diffusion electrode (1) of claim 19, 
characterized in that the electrode material (2) is 
compressed by pressing at a pressure of 2000 to 3500 
bar. 

A polymer electrolyte membrane fuel cell comprising 
an anode electrode, a cathode electrode and a poly- 
mer electrolyte membrane disposed therebetween, 
characterized in that at least one of the electrodes 
is a gas diffusion electrode (1) according to any of 
claims 1 to 20. 

A method of operating a polymer electrolyte membrane 
fuel cell comprising an anode electrode, a cathode 
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electrode and a polymer electrolyte membrane dis- 
posed therebetween, 

characterized in that, with on the average unchanged 
operating conditions, no water is added for humidi- 
5 fying the membrane, and in that at least one of the 

electrodes is a gas diffusion electrode (1) 
according to any of claims 1 to 19, 

23. The method of claim 22, 
10 characterized in that the electrode temperature is 

at least 50 ^'C, preferably 60 to 75 °C. 



24. The method of claim 22 or 23, 

characterized in that the cell, during 0.01 to 20% 
15 of the operating time, preferably 4 to 10% of the 

operating time, is subjected to such loads that the 
cell voltage drops to a value below 300 mV. 

25. The method of claim 24, 

20 characterized in that the cell voltage drops to a 

value below 150 mV. 



26, The method of any of claims 22 to 25, 

characterized in that cooling of the fuel cell is 
25 effected solely by means of an air stream, pre- 

ferably through the cathode space. 



30 



27. 



The method of any of claims 22 to 25, 

characterized in that cooling of the fuel cell is 

effected by a separately provided cooling means. 




Fig. 2 
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